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8QLYHUVLW\ RI )UHLEXUJ WKH 5:7+ $DFKHQ 8QLYHUVLW\ WKH 8QLYHUVLW\ RI /HXYHQ WKH 8QLYHUVLW\ RI 5RPH
³6DSLHQ]D´ DQG $OJRULWKPLFD VUO 7KH WH[W LV SUHSDUDWRU\ WR D IXOO SXEOLFDWLRQ WKDW ,&2026 ,7 LV WUHDWLQJ RQ
FRPSOHWH VFLHQWLILF ILQGLQJV IXQGDPHQWDO RSWLFV RI WKH SUHVHUYDWLRQ SURFHVV 7KH WH[W LV SDUW RI DQ LQWHJUDO
SXEOLFDWLRQ WKDW ,&2026 ,7 LV FDULQJ RQ VFLHQWLILF RXWFRPHV RI WKH URERWLFV SURMHFW LQ IDYRXU RI WKH GLDJQRVWLF
LVVXHVZLWKLQWKHFRQVHUYDWLRQSURFHVVRIFXOWXUDOKHULWDJHLQWKHXQGHUJURXQGHQYLURQPHQW




FKDUDFWHUL]DWLRQ RI ³UXLQV´ WKHLU VWDWH RI LQWULQVLF GHJUDGDWLRQ RU H[SRVXUH WR ZHDWKHU DOO IDFWRUV WKRVH ZKR
H[SRQHQWLDOO\UDLVHWKHFRQGLWLRQVRIULVN7KHPDLQJRDORIWKHSURMHFWLQIDFWLVWKHVDIHJXDUGLQJRIXQGHUJURXQG
DUFKDHRORJLFDO VWUXFWXUHVDOVRH[WHQGHG WRRWKHU VLWXDWLRQVRI ULVN LQFOXGLQJQDWXUDOFDWDVWURSKLFHYHQWVQRW OHDVW
WKRVHUHODWHGWRVLWXDWLRQVRIZDURUWHUURULVWDWWDFNVDVWUDJLFDOO\GHPRQVWUDWHGE\DFWXDOZRUOGZLGHHYHQWV
%DVHGRQWKHVHEULHIFRQVLGHUDWLRQVLWUHVWVWKHVSHFLILFUROHDQGDQGWKHUHIRUHWKHDFWLYLW\WKDW,&2026,7KDV
SOD\HG DQG KDV GHYHORSHG DV ³GRPDLQ H[SHUW´ SDUWQHUZLWKLQ WKHSURMHFW YLFHYHUVD WR WKH SUHYDLOLQJ SUHVHQFH RI
UHVHDUFKHUV IURP WKH VRFDOOHG KDUG VFLHQFHV FRPSXWHU HQJLQHHULQJ URERWLFV 7KH VSHFLILF WDVN ZDV WR DVVHVV










GHYHORSHG DOJRULWKPV ,&2026 ,WDO\ KDV LQ WKHSURMHFW WKH UROHRI WHFKQLFDO HYDOXDWRURI DOO WKH VSHFLILF DFWLRQV
GHYHORSHGZLWKLQWKHVDPHSURMHFWZLWKWKHPDLQDLPWRHQVXUHGLVFLSOLQH¶VULJRUWKHPDLQFKDUDFWHULVWLFRIZKLFK
WKH SURWRW\SH URERW KDV WR EH RULHQWHG WR PHHW WKH QHHGV H[SUHVVHG LQ WKH FRQWH[W RI DUFKDHRORJ\ DQG PRUH
JHQHUDOO\ WR WKH SUHVHUYDWLRQ RI K\SRJHDQ FXOWXUDO KHULWDJH UHFDOO RI WKH&KDUWV RI5HVWRUDWLRQ DQG LWV SULQFLSOHV
GRFXPHQWGUDIWHGE\WKH,QWHUQDWLRQDO6FLHQWLILF&RPPLWWHHVRI,&2026DQGEH\RQG
,QWHJUDWHG FRQVHUYDWLRQZLGHO\ UHFRJQL]HG LQ WKHZRUOG 81(6&2 ,&2026 ,&&520&RXQFLORI(XURSH
HWFKLJKOLJKWVDOO WKHVLQJOHYDOXHVXQLWHG LQ WKHLUFRPSOH[LW\DQGSURWHFWHG LQ WKHLUXQLW\LGHQWLW\ZKLFK LV WKH
XUEDQYDOXHRIFXOWXUDOKHULWDJH$IWHU9HQLFH&KDUWHUDQG$PVWHUGDP'HFODUDWLRQSDUWLFXODUDWWHQWLRQ
LVJLYHQ WR WKHSUHVHUYDWLRQRIKLVWRULFFHQWHUVDQG WKDQNV WR,&2026,QWHUQDWLRQDO&RXQFLORI0RQXPHQWVDQG
6LWHVZDVERUQRQDGHHSUHIOHFWLRQGHVWLQHG WR IORZ LQWR WKH³,QWHUQDWLRQDO&KDUW IRU WKHSUHVHUYDWLRQRIKLVWRULF
FLWLHV´7ROHGR,QWKLV&KDUWIRUWKHILUVWWLPHLWVHWVRXWWKHVSHFLILFXUEDQYDOXHRIKLVWRULFFHQWHUVDVZHOODV
WKH RSSRUWXQLW\ WR XQGHUWDNH ³SUHYHQWLYH PHDVXUHV´ WR VDIHJXDUG WKHLU KHULWDJH HQVXULQJ ILUVW DQG IRUHPRVW WKH
SURWHFWLRQ RI DXWKHQWLFLW\ 1DUD &KDUWHU  )ORUHQFH 'HFODUDWLRQ  :LWKLQ WKH FXOWXUDO KHULWDJH
SUHVHUYDWLRQ IUDPHZRUN WKHSURJUDPPHG FRQVHUYDWLRQ LV D FULWLFDO VWHSEXW DOVR D FRPSOH[ VWUDWHJ\ WKDW UHTXLUHV
QHZVFHQDULRVWREHFRPELQHGZLWKSODQQLQJ LQWHUGLVFLSOLQDU\UHVHDUFKDQGLQQRYDWLRQ3URJUDPPHGFRQVHUYDWLRQ
PXVW EH KDUPRQL]HG LQ FRHYROXWLRQ ZLWK WKH VDPH OLIH F\FOH RI WKH KHULWDJH SURSHUW\ LQWHUYHQLQJ LQ D VRIW
FRQWLQXRXV DQG VXVWDLQDEOH ZD\ 7KXV LW LV WR UHSODFH WKH PRUH RU OHVV WUDXPDWLF UHVWRUDWLRQ ZLWK D FRQWLQXRXV
SURFHVV RI NQRZOHGJH SUHYHQWLRQ PRQLWRULQJ LQWHUYHQWLRQV SODQQLQJ LQ ZKLFK WKH SUDFWLFH RI PRQLWRULQJ LV D
IXQGDPHQWDOWRRO7RHQVXUHWKHREMHFWLYLW\PHQWLRQHGDERYHLWLVHVVHQWLDOWRHVWDEOLVKPHDVXUHPHQWSURWRFROVLQ
WHUPV RI SURFHGXUHV PHWKRGV RI FROOHFWLQJ SURFHVVLQJ PDQDJHPHQW DQG GDWD WUDQVIHU ,&2026&,3$ 





UHTXLUHPHQWV WR DOLJQ LW ZLWK WKH GHJUDGDWLRQ HYROXWLRQ WLPLQJ REMHFWLYLW\ WR HQVXUH WKH UHSHDWDELOLW\ RI WKH
DFTXLVLWLRQVDQGWKHFRPSDULVRQRIGDWDDQGHFRQRP\WRHQVXUHWKHQHFHVVDU\FRQWLQXLW\DQGRSHUDWLYHIUHTXHQF\
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7KHUHIRUH LW LV SRVVLEOH WR VWXG\ DQG WR DQDO\VH WKH HYROXWLRQ RI WKH FDXVHV WKH SURGXFHG HIIHFWV WKH GHFD\
SURJUHVVLRQNLQHWLFLQDGGLWLRQWRYHULI\LQJWKHYDOLGLW\DQGGXUDELOLW\RILQWHUYHQWLRQV2QWKHRWKHULWLQHYLWDEO\
SURGXFHV D KXJH DPRXQW RI KHWHURJHQHRXV GDWD WR EH LQFRUSRUDWHG RSHUDWHG DQG PDLQWDLQHG WKDW UHTXLUHV WKH
FUHDWLRQRIVSHFLDOdata integration environments
7KH529,1$SURMHFWDGYDQFHGWKHVWDWHRIWKHDUWLQVHPDQWLF'VFHQHDQDO\VLVE\GHYHORSLQJDQRYHOURERWLF














6W *HQQDUR &DWDFRPE LQ 1DSOHV ,WDO\ ,&2026 ,WDO\  International Council of Monuments and Sites KDV
LGHQWLILHGERWK DV WKHPRVW UHSUHVHQWDWLYH VLWHV IRU WKLV FODVV RI FXOWXUDO KHULWDJH ERWK LQ WHUPVRI DUFKDHRORJLFDO
LPSDFW DQG URERWLF FKDOOHQJHV GXH WKH VLWH¶V GLIIHUHQW FKDUDFWHULVWLFV  7KH DQFLHQW WHUP IRU WKHVHPRQXPHQWV LV
CoemeteriumZKLFKGHULYHVIURPWKH*UHHN³GRUPLWRU\´WKHUHE\HPSKDVL]LQJWKHIDFWWKDWIRU&KULVWLDQVWKHEXULDO
LVQRWKLQJPRUHWKDQDWHPSRUDU\PRPHQWDZDLWLQJWKHILQDOUHVXUUHFWLRQ7KHRULJLQRIWKHFDWDFRPEVLVFHUWLILDEOH
LQ 5RPH EHWZHHQ WKH ODWH ,, DQG HDUO\ ,,, FHQWXU\$'ZLWK WKH SRQWLILFDWH RI 3RSH =HSK\ULQXV ZKR
HQWUXVWHGWKHGHDFRQ&DOOL[WXVZKRZLOOEHFRPHSRSHIURPWR$'WKHWDVNRIVXSHUYLVLQJWKHFHPHWHU\
RIWKH$SSLDQ:D\ZKHUHWKH\ZHUHJRLQJWREXU\WKHPRVWLPSRUWDQWSRQWLIIVRIWKH,,,FHQWXU\$QGMXVWDWWKLV
WLPH LW LV GXH WR WKH IRXQGDWLRQ RI WKH &DWDFRPEV RI 3ULVFLOOD 7KH FXVWRP RI EXU\LQJ WKH GHDG LQ XQGHUJURXQG
HQYLURQPHQWV ZDV DOUHDG\ NQRZQ WR (WUXVFDQV -HZV DQG 5RPDQV EXW ZLWK &KULVWLDQLW\ ZHUH ERUQ PXFK PRUH






WR UHVSRQG WR YHU\ GLVWDQW QHHGV 7KH JDOOHULHV RI 5RPH DUH HVWLPDWHG WR EHPRUH WKDQ  NP RI WRWDO OHQJWK
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)LJ DQG IURP WKHPRPHQW QHZ RQHV DUH EHLQJ GLVFRYHUHG WKH GDWD FDQ UHPDLQ LQGLFDWLYH 7KH H[LVWHQFH RI
K\GUDXOLF WXQQHOVDQGSR]]RODQDTXDUULHVJDYHWKHVWDUW WR WKHILUVWFRUHVK\SRJHDQFHPHWHULHV7KHRSSRUWXQLW\WR
WDNH IXOO DGYDQWDJH IURP WKH JHRORJLFDO VWUXFWXUH RI WKH 5RPDQ XQGHUJURXQG  FRQVLVWLQJ PRVWO\ RI VRIW WXID 
IDYRXUHGWKHQHHGRIEXU\LQJDQLQFUHDVLQJO\ZLGHFRPPXQLW\RIEHOLHYHUV,QIDFWZKHQWKHILUVW&KULVWLDQVEHJDQ
WKH SUDFWLFH RI WKH EXULDO RI WKHLU GHDG XQGHUJURXQG RIWHQ XWLOL]HG H[LVWLQJ VWUXFWXUHV VXFK DV VPDOO K\SRJHDQ













DOLD  7KHVH GDWD DUH WKHQ SURFHVVHG LQ VHYHUDO GLIIHUHQW ZD\V ZLWK WKH DLP IRU H[WUDFWLQJ FRQVLVWHQW DQG
PHDQLQJIXOLQIRUPDWLRQIRUFRQVHUYDWLRQ([DPSOHVRIVXFKSURFHVVHGGDWDLQFOXGHEXWDUHQRWOLPLWHGWRPDSV'
UHFRQVWUXFWLRQVDQGDQQRWDWHGSLFWXUHV3LHUURW'HVHLOOLJQ\HWDOLD7KHSURFHVVHGGDWDFDQEHIHGWR&$'RU
GRPDLQ VSHFLILF VRIWZDUH WR JHQHUDWH DQQRWDWHG RUWKRSODQV VHH )LJ ZKLFK DUH LQ WXUQ XVHG IRU SODQQLQJ DQG
H[HFXWLQJFRQVHUYDWLRQDFWLYLWLHV:LWKLQWKHSURMHFWRINQRZOHGJHRIDQDUFKDHRORJLFDOVLWHRUDWOHDVWDQDUWHIDFW
RI KLVWRULFDO DQG FXOWXUDO LQWHUHVW RULHQWHG WR LWV FRQVHUYDWLRQ DQG HQKDQFHPHQW  WKH UROH RI GRFXPHQWDWLRQ DQG
UHJLVWUDWLRQLVWKHQDSULRULW\IRUJXDUDQWHHLQJWKHGDWDVXUYH\RIJHRPHWU\DQGPRUSKRORJ\ERWKRIWKHDUWHIDFWRI




5HDOLW\ HQYLURQPHQWV LQWHQVHO\ UHPLQLVFHQW WR D FRJQLWLYH DSSURDFK RI ZHOOLQYHVWLJDWHG DQG KLVWRULFDOFXOWXUDO
FRQWHQWWREHWUDQVPLWWHGWRGLIIHUHQWW\SHVRIXVHUV
7KH DUFKDHRORJLFDO DUHDV WKDW QHHG WREHGRFXPHQWHG DWGLIIHUHQW VFDOHVRI DSSURDFKDUH D VSHFLDO FDVHZKLFK
XVXDOO\ SUHVHQWV VSHFLILF SUREOHPDWLF QDWXUH 6WDUWLQJ ZLWK WKH PRVW DFFXUDWH DLPHG WR UHDGLQJ RI ZDOO WH[WXUHV
VXUIDFHVWRWKHPDFURRQHVDOORZLQJWKHJHQHUDOVXUYH\DQGRYHUDOOSODQLPHWULFYLVLRQLQRUGHUWRFDWFKGLVWULEXWLRQ
IHDWXUHV DQG VSDWLDO UHODWLRQVKLSV ,Q UHFHQW \HDUV LW KDV EHHQ DQ H[WHQVLYH GHEDWH DERXW WKH PRVW DSSURSULDWH
PHWKRGV DQG WHFKQRORJLHV$QG \HWZHUH H[WUHPHO\ UHPDUNDEOH WKH SURJUHVV WKH QXPEHU RI H[SHULHQFHV DQG WKH
H[SHULPHQWV FRQGXFWHG LQ WKLV DUHD %DVLFDOO\ WKHVH V\VWHPV FDQ EH WUDFHG WR WKH VRFDOOHG DFWLYH DQG SDVVLYH
V\VWHPVLHODVHUVFDQQHUGLYLGHGLQWR³WLPHRIIOLJKW´RU³RSWLFDOWULDQJXODWLRQ´7KHUHIRUHGHSHQGLQJRQWKHVL]H






^ĂŶ ĂůůŝƐƚŽ ^ĂŶ ^ĞďĂƐƚŝĂŶŽ ŽŵŝƚŝůůĂ WƌŝƐĐŝůůĂ ^͘ ŐŶĞƐĞ
EĞĐƌŽƉŽůŝ 










EŽǀĂǌŝĂŶŽ sŝůůĂ dŽƌůŽŶŝĂ ^ĂŶ WĂŶĨŝůŽ ^ĂŶ sĂůĞŶƚŝŶŽ
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FRPSXWHUYLVLRQHVVHQWLDOO\VWUXFWXUHIURPPRWLRQ7KLVODVWimage basedWHFKQRORJ\WREHFRQVLGHUHGDEVROXWHO\
ORZFRVWDQGEDVHGRQSKRWRJUDSKLFFDQQRZHIIHFWLYHO\ UHSODFH WKH ODVHU VFDQQLQJSURFHGXUHVJHQHUDWLQJGHQVH
SRLQWFORXGVZKHUHWKHJHRPHWULFLQIRUPDWLRQWKDWLVLPPHGLDWHO\FRQWH[WXDOZLWKWKHUDGLRPHWULFRQH.PPHUOH
7KHVHV\VWHPVDUHEDVHGRQ WKH LPSOHPHQWDWLRQRI UHGXQGDQWSKRWRVKRRWV GLJLWDORI WKHREMHFWSRVVLEO\




WHUPV RI WKH RYHUDOO GRFXPHQWDWLRQ ERWK XQVWDEOH PRUSKRORJLFDO FRQGLWLRQV ERWK IRU H[FHSWLRQDO HYHQWV RI DQ
HQYLURQPHQWDOQDWXUH0DLQO\LW¶V8$9V\VWHPV³YXOJDUO\´GURQHVDQGURERWVPRVWO\ERUURZHGIURPWKHPLOLWDU\
VHFWRUDVRIWHQKDSSHQVZLWKDOOWKHWHFKQRORJ\WKDWLVWKHQXVHGIRUFLYLOLDQXVHHVSHFLDOO\IRUWKHSURWHFWLRQRIWKH
WHUULWRU\ DQG WKH SUHVHUYDWLRQ RI FXOWXUDO KHULWDJH 7RGD\ WKHUH DUH QXPHURXV DSSOLFDWLYH FDVHV LQ ZKLFK VLPLODU





FXVWRPL]DWLRQ RI WKH WHFKQRORJ\ LWVHOI ,W LV DFWXDOO\ SURSRVHG DV D GHILQLWLYH ORZ FRVW VROXWLRQ IRU DQ\ QHHG LQ
PDSSLQJ VLWHV DQG DUFKDHRORJLFDO PRQXPHQWV UHVXOWLQJ LQ YHU\ KLJK UHVROXWLRQV SUHYLRXVO\ XQWKLQNDEOH RU
UHDFKDEOHRQO\E\XVLQJDLUFUDIWDSSURSULDWHO\HTXLSSHGZLWKDHURSKRWRJUDPPHWULFFDPHUDVDQGSRZHUIXOWHOHSKRWR
OHQVHV ,W LV GLIIHUHQW WKH FDVH RI URERWV ZKRVH XVH KDV EHHQPXFK PRUH OLPLWHG XQWLO QRZ DOPRVW H[FOXVLYHO\
DGRSWHGRQUDUHHPHUJHQF\VLWXDWLRQVVXFKDVWKRVHUHODWHGWRSRVWVHLVPLFLQWHUYHQWLRQV
,WLVWREHQRWHGDOVRWKDWWKHURERWUHTXLUHVERWKDGHHSHUFXVWRPL]DWLRQDQGHQJLQHHULQJLQRUGHUWREHDGDSWHG
WR WKH VSHFLILF QHHGV RI WKH GLVFLSOLQH¶V VFRSH VR VWURQJO\ FKDUDFWHUL]HG E\ GLYHUVH W\SHV RI FRQWH[W LQ WHUPV RI
PRUSKRORJLHV GLPHQVLRQV JUDGHVRIGLIILFXOW\5HJDUGLQJ WR WKH FRQWH[WV LQ IDFW RFFXUPXFKPRUH SUREOHPDWLF
VLWXDWLRQVZKHQWKHHQYLURQPHQWDOFRQGLWLRQVRIWKHVLWHWREHLQYHVWLJDWHGDUHULVNIDFWRUDWGLIIHUHQWOHYHOVIRUWKH
VDPHRSHUDWRU7\SLFDOO\EHORQJWRWKLVFDWHJRU\WKHK\SRJHDHQYLURQPHQWVFKDUDFWHUL]HGRIFXOWXUDOLQWHUHVWERWK
IRU WKH SUHVHQFH RI VWUXFWXUDO GHILFLWVZKLFK FRXOG OHDG WRPDWHULDO FROODSVH ERWK IRU WKH SUHVHQFHRI UDGLRDFWLYH
HOHPHQWVVSHFLILFRIVRPHURFNPDWHULDOVHJUDGRQSURGXFHGLQWXIIDFHRXVHQYLURQPHQWV










7KH UHSOLFDWLRQVWDQGDUGKROGV WKDWVXIILFLHQW LQIRUPDWLRQH[LVWVZLWKZKLFK WRXQGHUVWDQGHYDOXDWHDQGEXLOG
XSRQDSULRUZRUNLIDWKLUGSDUW\FDQUHSOLFDWHWKHUHVXOWVZLWKRXWDQ\DGGLWLRQDOLQIRUPDWLRQIURPWKHDXWKRU.LQJ
 7KH LPDJHEDVHG PRGHOOLQJ LV DQ LQQRYDWLYH FRVWHIIHFWLYH UREXVW DQG SUDFWLFDO VROXWLRQ IRU WKH '
GRFXPHQWDWLRQRIKHULWDJHDUWHIDFWV WKDW LVKDYHDUHQHZHGDWWHQWLRQ WKDQNV WRVHYHUDOZHEEDVHGDQGRSHQVRXUFH
SURFHVVLQJ WRROV FRPELQHG ZLWK UHFHQW GHQVH LPDJH PDWFKLQJ DSSURDFKHV +LUVFKPXHOOHU  )XUXNDZD DQG
3RQFH  1HZ DQG FKDOOHQJLQJ UHVHDUFK SHUVSHFWLYHV DUH ULVLQJ HVSHFLDOO\ WRZDUGV WKH QHHG RI YDOLGDWHG
SURWRFROVIRUWUDQVIHUULQJWKHUHVXOWWRKHULWDJHXVHUV
7KHRSSRUWXQLW\WRFRPELQHUHFRUGVJHRPHWULFDQDO\VLVDQGFKDUDFWHULVDWLRQVDERXWVHYHUDODUWHIDFWVFRXOGDOVR
EH XVHG IRU GHYHORSLQJ QHZ DSSURDFKHV IRU VKDSH FODVVLILFDWLRQ DQG LQWHUSUHWDWLRQ 7KH DYDLODELOLW\ RI IOH[LEOH
VROXWLRQV IRU FROOHFWLQJ PRUSKRORJLFDO GDWD RQ PDVVHV RI DUWHIDFWV DOORZ FRQVLGHULQJ WKH VKDSH DQDO\VLV DV D
IXQGDPHQWDOPRPHQWIRUUHDVRQLQJDERXWWKHUHODWLRQVKLSVEHWZHHQJHRPHWU\DQGVHPDQWLFVDQGLQDELGLUHFWLRQDO
949 Maurizio Di Stefano et al. /  Procedia - Social and Behavioral Sciences  223 ( 2016 )  944 – 951 
DQDO\VLVDSSURDFK'H/XFD7KHDFFXUDWHKHULWDJHNQRZOHGJHDQGUHSUHVHQWDWLRQLVDNH\HOHPHQWIRU
LWV VDIHJXDUGLQJ DQG UHVWRUDWLRQSURFHVV ,Q WKLV FRQWH[W HYHU\ FKRLFHPDGHE\ VSHFLDOLVWV LV EDVHGRQ ³ZKDW\RX
NQRZ´WKHDUWHIDFWVDQGHYHU\LQFRQVLVWHQF\FDQOHDGWRHUURUDQGFDXVHVHULRXVGDPDJHV2QWKLVEDVLVWKHSUHVHQW
UHVHDUFK DLPV WR H[WHQG WKH DSSURDFKHV UHODWHG WR WKH VHPDQWLF WR WKH PRGHOOLQJ RI NQRZOHGJH UHODWLQJ WR WKH
DUFKLWHFWXUDO KHULWDJH +HUPDQV $ HW DOLD  LQ RUGHU WR SURYLGH DQ LQWHJUDWHG DQG PXOWLGLVFLSOLQDU\
UHSUHVHQWDWLRQRI WKHSURSHUW\DQG WKHNQRZOHGJHQHHGHG WRVXSSRUWDQ\ LQYHVWLJDWLRQDQG LQWHUYHQWLRQ :KLOH LQ
OLWHUDWXUH LQ IDFW WKHDUWHIDFWKDVEHHQDQDO\VHG IRUSDUWVE\FODVVLI\LQJ WKH'PRGHOOHGJHRPHWU\DFFRUGLQJ WR
PDLQFDWHJRULHV LH9LWUXYLDQFODVVLILFDWLRQ WKH529,1$SURMHFWZDQWV WR³VHJPHQW´DUHDVDQGVXUIDFHVRQ WKH
EDVLV RI WKH JHRPHWULF UHFRQVWUXFWLRQ WR ZKLFK DWWULEXWH D ³PHDQLQJ´ LQ WHUPV RI GHJUDGDWLRQ DQG GLVHDVH RU D
UHFRJQLWLRQRIYDOXHLHHSLJUDSKRUIUHVFRGDWLQJDQGRUKLVWRULFDOLQIRUPDWLRQDQGVR$FFRUGLQJWRWKLVOLQH
RI UHVHDUFK ,&2026 ,7 ZLWKLQ 529,1$ SURMHFW FRQWULEXWHG WR WKH GHYHORSPHQW RI D VWXG\LQJ DQG UHVHDUFK







7KH LGHQWLILFDWLRQ RI PDWHULDOV OHDGV WR D EHWWHU XQGHUVWDQGLQJ RI WKH FUHDWLRQ SKDVH RI WKH DUWHIDFW ZKLOH
PDWHULDOV DUH DOVR VWURQJO\ FRQQHFWHG ZLWK WKH DUWLVW WKH FUHDWLRQ SHULRG DQG WKH WHFKQLTXH XVHG 3URSHU
LGHQWLILFDWLRQKRZHYHUFDQEHKLQGHUHGE\WKHGHWHULRUDWLRQRUDOWHUDWLRQRIPDWHULDOVGXHWRWKHSDVVDJHRIWLPHDV








VHPDQWLF GHVFULSWLRQ IRU WKH GRPDLQ VSHFLILFDWLRQ 6WDUWLQJ IURP WKH VWUXFWXUDO FKDUDFWHULVWLFV DQG FRQVLGHULQJ D
UHODWLRQVKLS ZLWK SDUW RI GHFRPSRVLWLRQ WKH ³FDWDFRPE REMHFW´ KDV EHHQ VSOLW KLHUDUFKLFDOO\ LQWR FODVVHV DQG
IRUPDOL]HGLQDWUHHVWUXFWXUHZKHUHHDFKFODVVRIWKHVWUXFWXUHLVIXUWKHUDUWLFXODWHGLQVXEFODVVHVVSHFLDOL]DWLRQVRI
WKH ILUVW LQKHULWLQJ DWWULEXWHV WKDW GHILQH LW ZLWK SURJUHVVLYH LQVLJKWV 6XFK D GDWDVHW VWUXFWXUHG DW GLIIHUHQW
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QDWXUHZLWKRXWHOHPHQWVRIDPELJXLW\7KHUHIRUHLWLVQHFHVVDU\WRDYRLGWDNLQJLQWRDFFRXQWGHIDXOWYRFDEXODULHVRU
WKHVDXULZKLFKFRXOGFDXVHGLIILFXOWLHVEXWUDWKHUDGDSWLQJWKHODQJXDJHDQGWHUPLQRORJ\WRWKHFRYHUHGFRQWHQWLQD
KLJKO\ DFFXUDWH PDQQHU 7R IRUPDOL]H WKH NQRZOHGJH LV D SUDFWLFH DGRSWHG VLQFH ORQJ WLPH LQ WKH FRQWH[W RI
DUFKDHRORJLFDO DUFKLWHFWXUDO KLVWRULFDO DQG DUWLVWLF KHULWDJH 6LQFH ORQJ WLPH LW KDV UHVXOWHG LQ IXQGDPHQWDO
H[SHULHQFHV DQG D ORQJ VHULHV RI JORVVDULHV GLFWLRQDULHV DQG WKHVDXUL WKDW KLJKOLJKW WKH VHPDQWLF UHODWLRQVKLSV
EHWZHHQWHUPV$OORIWKHVHWRROVKRZHYHUVXIIHUIURPOLPLWDWLRQVWHQGLQJWRFDXVHDPELJXLW\ZKHQWKH\DUHDSSOLHG
WRGLIIHUHQWFRQFHSWXDOVWUXFWXUHV7KLVGDWDVHWVWUXFWXUHGDWGLIIHUHQWOHYHOVRIFRPSOH[LW\LVVXEVHTXHQWO\XVHGWR
SURYLGH WKH URERW ³NQRZOHGJH DQG H[SHULHQFH´ VR DV WR DOORZ LWV DXWRQRP\ LQ UHFRJQL]LQJ REMHFWVHQWLWLHV WKDW
DFTXLUHV WKH UHDOZRUOG DWWULEXWLQJ WKH FRUUHFWPHDQLQJV WR WKHJHQHUDWHGPRGHOV  ,W IROORZV WKH FHQWUDOLW\RI WKH
GRPDLQ H[SHUW DV IXQGDPHQWDO ILJXUH WR EH LQYROYHG LQ WKH SODQQLQJ SKDVH WR HQVXUH WKH VHPDQWLF FRPSRQHQW
VSHFLILFDWLRQ 7KH H[SHUW DOORZV WR VSHFLI\ WKH UHTXLUHPHQWV 6WDFKQLVV HW DOLD    XVLQJ SURSHU
WHUPLQRORJ\ DQG VHPDQWLFVEDVHG GRPDLQ DQG FUHDWLQJ D WD[RQRP\ LQ ZKLFK WKHVH FRQFHSWV DUH KLHUDUFKLFDOO\
RUJDQL]HG7KHVSHFLILFWKXVGHILQHGVHPDQWLFVLVFRQQHFWHGWRIRUPDOGHILQLWLRQVZKLFKGHVFULEHVWKHVHGHILQLWLRQV
IURPD IRUPDOPRGHORI DJHQHULF UHDOLW\GHVFULSWLRQ7KHUHIRUH HLWKHU WKHGRPDLQH[SHUW  GHVLJQHURU HLWKHU WKH
VRIWZDUHHQJLQHHUPXVWZRUN WRJHWKHU VKDULQJ WKH VDPHRQWRORJ\DQGHOLPLQDWLQJ WKHSRVVLEOH DPELJXLWLHVGXH WR
ODQJXDJHDQGGLIIHUHQWEDFNJURXQGV,WLVWKHVWDUWLQJSRLQWRIWKHFODVVLILFDWLRQSURFHVVLQWKHRQWRORJ\WD[RQRP\
FRQVWLWXWLQJ D VRXUFH RI LQIRUPDWLRQ WKDW WKH LQIHUHQWLDO UXOHV UHIHU WR H[WUDFW FRPSOH[ FRQWHQW EDVHG RQ FRPSOH[
TXHULHV7KHFODVVLILFDWLRQPHFKDQLVPVSD\DWWHQWLRQWRWKHQHHGVIRUDFFHVVWRLQIRUPDWLRQ%DVHGRQVHYHUDOFULWHULD
SUHGHILQHGE\FRGHG³V\QWDFWLF´HOHPHQWVRQWRORJLHV IRFXVRQ WKH WHUPV³PHDQLQJ´DQGRQ WKHGRPDLQ³QDWXUH´
DQG³VWUXFWXUH´,WIROORZVWKDWWKHHVVHQWLDOSUREOHPLVPDLQO\EDVHGRQVHPDQWLFPDWFKLQJDQGVHPDQWLFLQWHJUDWLRQ
&RQFOXVLRQV
529,1$ 3URMHFW JXDUDQWHHV DQ LQQRYDWLYH FRQWULEXWLRQ ZLWKLQ WKH YDVW DUWLFXODWLRQ RI H[SHFWHG UHVXOWV WKDW
LQYROYHV YDULRXV VFLHQWLILF ILHOGV  IURP HQJLQHHULQJ URERWLFV WR GLJLWDO WHFKQRORJLHV IURP LPDJH SURFHVVLQJ WR
DUWLILFLDOLQWHOOLJHQFHWHFKQLTXHVWKHVHPDQWLFVIRUWKHDXWRPDWLFGHWHFWLRQRIREMHFWVRIFXOWXUDOLQWHUHVWWKHKRPLQJ
WHFKQLTXHVERWKRQ WKHKDUGZDUH VLGH WKDQ WKDWRI WKH VRIWZDUH WR WKHXVHUIULHQGO\ LQWHUIDFHV IRU FRQVXOWDWLRQRI
KHWHURJHQHRXVLQWHJUDWHGGDWDE\H[SHUWVDQGQRQXVHUV7KHZLGHUDQJHRI W\SHVRI WKHVHUHVXOWVZLOODOVRVXSSO\
GHILQLWHO\QRWMXVWUHVSRQVHVWRWKHSURMHFWREMHFWLYHVVXUYH\LQULVN\XQGHUJURXQGVLWHVIRUWKHKXPDQRSHUDWRUEXW
MXVW DV FHUWDLQO\ FDQ EH FKDUDFWHUL]HG E\ WKH H[WHQVLYH XVH LQ RWKHU DUHDV GLVFLSOLQDU\ DQG RSHUDWLQJ SUHFLVHO\





SODQQHG FRQVHUYDWLRQ DFWLYLWLHV EXW DOVR GXULQJ WKHLU GHYHORSPHQW LQ D FRQWLQXRXV VWUHDP DQG F\FOLF GDWD
DFTXLVLWLRQ DQDO\VLV DQG HYDOXDWLRQ LQ WKHLU XVH DV LQSXW WR WKH SODQQLQJ FKRLFHV XQWLO WKH RXWFRPH FRQWURO ,W
IROORZVREYLRXVO\WKDWWKLVFRQWLQXRXVIORZRINQRZOHGJHLVFRQWLQXDOO\GLUHFWHGQRWRQO\DJDLQVWWKHDUWHIDFWWREH
SURWHFWHG FDXJKW LQ LWV WRWDO PRUSKRPHWULF FKDUDFWHUV DQG GHWDLO WKHVH DORQJ ZLWK PDWHULDO FRQVLVWHQFH DIIHFW
GHJUDGDWLRQSKHQRPHQD WKHPRUHRU OHVVDFFHOHUDWHG)XUWKHUPRUH LWPXVWEH ULJLGO\DGGUHVVHG WR WKHSURSHUW\¶V
VXUURXQGLQJ HQYLURQPHQW PHDVXULQJ WKH SK\VLFDO DQG FKHPLFDO FRPSRQHQWV WKDW FKDUDFWHUL]H LW WR GHULYH WKH
FRQVHTXHQWLQWHUDFWLRQVDVDJHQWVRIWKHIXQGDPHQWDONLQHWLFVRIGHJUDGDWLRQ
(YLGHQWO\WKHUHVXOWVRIDUDFKLHYHGFDQEHIXUWKHULPSOHPHQWHGLQRUGHUWRGHVFULEHXQGHUJURXQGVWUXFWXUHVRI
JUHDWHU FRPSOH[LW\ WKHUHIRUH ZLWK D SURJUHVVLYH HQULFKPHQW RI WKH WD[RQRPLF FRUSXV $FWXDOO\ ,&2026 ,7 LV
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